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Algorithms are encoded in the genome



Layers of genomic encoding

• DNA sequence

– Encoding into sequence: genes, exons, introns, promoters (some), 
enhancers (unclear), transcription factor binding sites 

 

DNA-seq, RNA-seq, ChIP-seq

GATCTTAAACATTTATTCCCCCTGCAAACATTTTCAATCATTACATTGTCATTTCCCCTCCAAATTAAAT 
TTAGCCAGAGGCGCACAACATACGACCTCTAAAAAAGGTGCTGTAACATGTACCTATATGCAGCACCACT 
ATATGAGAGCGGCATAGCAGTGTTTAGTCACTTGGTTGCTTTGTTTATATTAACTTGAAAGTGTGTTTTA 
GCTATTGAGTTTAAACAAAGGGAGCGGTTTACATTGAATTAAAGGCAACTACTGATGGGTTGTGTAATGT 
TTCAAAGAGCTGTTGCAGCATGAGTGGAAAATAAAACCGTATTAGTGCTGCCTGGCCCAGTTTGGCACAA 
AATGGAGCGATTCCATTAAGAGAACGATTCAGCATAAGTGGAACAGCTAAAGTTTATGAAAATTTTTAAT 
CTGGATGTAGAGAATCTCATAACACAGAAACAGCACTCCTAAAGATGCATTTATACTTCTGCATAGAGCA 
CACAAGTATGCTTCAGCACAACCTGTGCATGGTCACATAGCCCTTGCTGTGGCAGTCAGACAATGATGCA 
CACCTCAATGAATAGAGCAAGCTGTGATTGGTCAGCTTTGTAGAGCTGACGTGTGCCCTAACCTAGTCCT 
CATCTTCAGTCAGTAATTTGGGGGCCATGTCTGACAGCAACCTGTGTAAGGCCAGATGAAGCATCTGTAA 
AACTCAATTTCTTCATCGTAATGTTGCCAAAATGACGAGCTATCAATAACTGATGCAGAAAAGCTTATTC 
ATGCTTTCATTACCTCTCGGTTAGACTACTGTAATGAGTTACTAGGCGGATGCCCTGCCGGCCTCACTAA 
CAAACTGCAGCTGGTTCAAAATGCAGCTGCTGGAGTGCTTTCTAGAACTAAGAAATCACAGTACTCTAGT 
TCTTTCATCGGTGCATTGACTCCCATTAAATATTTAATTTACAATGTTAGTGTTTAAGTACAAAACCCTC 
AATGCTTTAGCTGCCCAGTATTTGAGGGAGCTCCTGGTGTATTATAGAGCATGAGATTGATTCTTTTAAG 
ACCCTAAAGTGACCCACGAGTCTACATATTGATCCTGAAGGGTCAGTCTGTACACCAGCCGGTGACCTCT



Layers of genomic encoding

• DNA marks: Epigenomics

–Methylations, histone modifications, chromatine packaging

ChIP-seq, Bisulfite, MeDIP-seq, 
MAD-seq, CLEVER-seq, Mnase-seq, 

Hi-C, Hi-3C and more….  

GATCTTAAACATTTATTCCCCCTGCAAACATTTTCAATCATTACATTGTCATTTCCCCTCCAAATTAAAT 
TTAGCCAGAGGCGCACAACATACGACCTCTAAAAAAGGTGCTGTAACATGTACCTATATGCAGCACCACT 
ATATGAGAGCGGCATAGCAGTGTTTAGTCACTTGGTTGCTTTGTTTATATTAACTTGAAAGTGTGTTTTA 
GCTATTGAGTTTAAACAAAGGGAGCGGTTTACATTGAATTAAAGGCAACTACTGATGGGTTGTGTAATGT 
TTCAAAGAGCTGTTGCAGCATGAGTGGAAAATAAAACCGTATTAGTGCTGCCTGGCCCAGTTTGGCACAA 
AATGGAGCGATTCCATTAAGAGAACGATTCAGCATAAGTGGAACAGCTAAAGTTTATGAAAATTTTTAAT 
CTGGATGTAGAGAATCTCATAACACAGAAACAGCACTCCTAAAGATGCATTTATACTTCTGCATAGAGCA 
CACAAGTATGCTTCAGCACAACCTGTGCATGGTCACATAGCCCTTGCTGTGGCAGTCAGACAATGATGCA 
CACCTCAATGAATAGAGCAAGCTGTGATTGGTCAGCTTTGTAGAGCTGACGTGTGCCCTAACCTAGTCCT 
CATCTTCAGTCAGTAATTTGGGGGCCATGTCTGACAGCAACCTGTGTAAGGCCAGATGAAGCATCTGTAA 
AACTCAATTTCTTCATCGTAATGTTGCCAAAATGACGAGCTATCAATAACTGATGCAGAAAAGCTTATTC 
ATGCTTTCATTACCTCTCGGTTAGACTACTGTAATGAGTTACTAGGCGGATGCCCTGCCGGCCTCACTAA 
CAAACTGCAGCTGGTTCAAAATGCAGCTGCTGGAGTGCTTTCTAGAACTAAGAAATCACAGTACTCTAGT 
TCTTTCATCGGTGCATTGACTCCCATTAAATATTTAATTTACAATGTTAGTGTTTAAGTACAAAACCCTC 
AATGCTTTAGCTGCCCAGTATTTGAGGGAGCTCCTGGTGTATTATAGAGCATGAGATTGATTCTTTTAAG 
ACCCTAAAGTGACCCACGAGTCTACATATTGATCCTGAAGGGTCAGTCTGTACACCAGCCGGTGACCTCT



Representation of all layers of genome encoding

~ 100-200 
тыс

~ 1-10 
млн



Foundation models (FMs) in genomics
• to learn generalizable features from unstructured whole 

genome data
• fine-tune for a number of tasks 

– location and function of genes 
– regulatory elements
– analyzing the evolution of specie 

Conceptual illustration of a foundation model for multiple 
specific tasks. Credit: Debbie Maizels/Springer Nature

DNA sequences are orders of magnitudes 
longer (e.g. the human genome is 3.2 Billions 
of nucleotides) with long-range dependencies 
and interactions that span over 100K+ 
nucleotides in length 



Pre-training:  mask contiguous k-length spans of certain 
k-mers, (total ~15% of input sequence)  - inferred from the 
immediately surrounding k-mers 

Fine-tuning: no masking step, the tokenized sequence is 
directly fed to the Embedding layer. 
 

DNABERT first takes a set of sequences 
represented as k-mer tokens as input 





arXiv

HyenaDNA, a genomic foundation model pretrained on the human 
reference genome with context lengths of up to 1 million tokens at the 
single nucleotide-level – an up to 500x increase over previous dense 
attention-based models. 

HyenaDNA scales sub-quadratically in sequence length (training up to 
160x faster than Transformer), uses single nucleotide tokens, and has full 
global context at each layer. 





Выучила 
9,3 триллиона пар ДНК 128 000 
организмов

The largest Evo 2 model was trained using  2,048 NVIDIA H100 GPUs using NVIDIA DGX Cloud . As part 
of NVIDIA’s partnership with Arc.

Evo-2 – cамый большой “Chat-GPT” в 
геномике

https://www.nvidia.com/en-us/data-center/h100/
https://www.nvidia.com/en-us/data-center/dgx-cloud/
https://arcinstitute.org/news/news/arc-nvidia


AlphaGenome employs an encoder-decoder framework that integrates convolutional and transformer 
components, drawing inspiration from models such as Enformer2 and Borzoi3. It introduces several key 
architectural features, including a U-Net-style decoder incorporating residual (skip) connections from the 
encoder. The model processes information through five core components: (1) a sequence encoder, (2) a 
transformer tower, (3) pairwise interaction blocks, (4) a sequence decoder, and (5) task-specific output 
heads. AlphaGenome has approximately 450 million trainable parameters (20% in the encoder, 28% in 
the sequence transformer, 15% in the pairwise blocks, 25% in the decoder, and 12% in the output 
embedding and prediction heads). The model was implemented using JAX72 and Haiku73. 





bioRxiv preprint doi: https://doi.org/10.1101/2025.09.05.674329 



OMICS-DNA-Hyena



OMICS-DNA-Encoder

• Embedding layer
• 12x Hyena Layers



OMICS-DNA-Decoder

• CNN Block

• WaveNet Block

• Token Reconstruction Head

• Omics Reconstruction Head

• Sentence Reconstruction Head

WaveNet



OMICS-DNA Masking

Task – to reconstruct data in autoregressive manner

To reconstruct two types of masking:

• Token masking

• Omics masking





What shall we do with this model?

• Learn tissue-specific regulatrory regions

• Learn how to launch tissue-specific regulatroy 
programs

• Learn how to launch developmental programs

• Generate tissue- or state-specific programs

Work in 
progress….



Международная лаборатория 
биоинформатики

Ключевые направления исследований
• От вторичных структур ДНК до 

концепции генетического компьютера 
• Анализ данных одноклеточного 

секвенирования опухоли и других 
тканей

• Искусственный интеллект для 
генерации лекарств

• Кардиогенетика
• Прогностические системы ИИ в 

медицине

2018 г. Попцова М. С.
к.ф.-м.н.

55+ публикаций в научных журналах Q1/Q2

Большие объемы 
медицинских данных

• Геномика
• Протеомика
• Метаболомика
• Теструктурированный 

текстИзвлечение ключевых 
биомаркеров:

• Обработка данных при 
помощи алгоритмов ИИ 
и МО

Результат:
полезные прогностические системы

• ОГеномика
• Протеомика
• Метаболомика
• Теструктурированный 

текст


